Field experiments were conducted on niger cv.GA.10 (Deomali) in red sandy to clay loam soils of RRTTS, Semiliguda, Koraput (Odisha) during kharif seasons of 2008, 2009 & 2010 to find out suitable combination of soil and foliar application of nutrients (urea and di-ammonium phosphate) for maximizing growth and seed yield. Nine treatments consisting with different nutrient management were tested in randomized block design with three replications. The results revealed that, foliar applications of Urea and DAP gave better performance regarding growth and yield attributes. Highest seed yield (417.2 kg/ha), net monetary return (Rs. 4247.00/ha) and benefit-cost ratio (1.51), recorded with application of 100% RDF + foliar application of 2% Urea twice at flowering and capitula formation stage (T 4 ) followed by T 5 (RDF + foliar spraying of 2% DAP twice at flowering and capitula formation stage) i.e. seed yield 387.7 kg/ha, net monetary return Rs. 3277.00/ha and benefit-cost ratio 1.39.
Introduction
Niger [Guizotia abyssinica (L.f.) Cass] seeds contain a considerable quantity of edible oil (38 to 43%), protein (20%), sugar (12%) and minerals essential for human and animal meals (Gentinet and Teklewold, 1995) . India is the chief producer of niger seeds and ranks on the second and fourth position in the world for its acreage and annual production, respectively. Being a minor oilseed crop niger is most hardy and drought tolerant occupying a prominent place where moisture is the limiting factor and soils are sub-marginal to marginal in several parts of the country. Odisha has nearly 0.10 million hectare area under this crop with an annual production of 0.04 million tonnes and productivity of 357 kg seeds/ha (Damodaram & Hegde, 2010) . Among the oilseed crops, niger is considered to be a crop for resource poor farmers particularly in developing countries like India. It is generally grown with minimum agro inputs, nutrient stress is the most important factor responsible for its low productivity. Several workers have reported positive response of niger to foliar application of nutrients (Gautam, 2009) . Nitrogen is susceptible to leaching losses; therefore, external application of nutrients becomes very important for enhancing the productivity of niger. Keeping this fact in view, the present investigation has been undertaken with the objectives to find out suitable combination of soil and foliar application of nutrients for better growth and yield of niger.
Materials and Methods

Site Description
Field experiments were conducted at research farm of Regional Research and Technology Transfer Station (OUAT), Semiliguda, Odisha, India, under Eastern Ghat High Land Zone (18°42′N, 82°30′E, elevation 884 m above mean sea level) during kharif seasons of 2008, 2009 & 2010 . The climate was hot and humid, with an annual mean rainfall 1567 mm, most of which (90%) was received during monsoon months (June to September). Mean summer and winter temperature were 34°C and 12°C respectively.
Experimental Soil
The soil of experimental field was red and laterite with sandy to clay loam in texture. The pH of the soil was 5.8 with low in Organic carbon (0.03-0.05%), available N (150-170 kg/ha), available P (16-18 kg/ha) & available K (152-160 kg/ha).
Design of Experiment
The experiment was arranged in randomized complete block design (RCBD) basing on three replications. The experiment having nine treatments consisting of different nutrient management, viz. T 1 : Soil application of 100% recommended dose of fertilizer (RDF), T 2 : T 1 + foliar application 2% Urea at flowering stage, T 3 : T 1 + foliar application 2% DAP at flowering stage, T 4 : T 1 + foliar application 2% Urea at flowering and capitula formation stage, T 5 : T 1 + foliar application 2% DAP at flowering and capitula formation stage, T 6 : 75% RDF + foliar application 2% Urea at flowering stage, T 7 : 75% RDF + foliar application 2% DAP at flowering stage, T 8 : 75% RDF + foliar application 2% Urea at flowering and capitula formation stage and T 9 : 75% RDF + foliar application 2% DAP at flowering and capitula formation stage.
Trial Management
Niger cv. GA-10 (Deomali) was sown on 28th, 3rd and 14th August, 2008 August, , 2009 and 2010 respectively with 10 kg seeds/ha in 30 cm row to row and 10 cm plant to plant spacing, with a plot size 5 m x 4.2 m. The thinning & weeding operations were done on 15 and 21 days after sowing (DAS) in every year. The recommended dose of fertilizer @ N 40 + P 40 + K 20 kg/ha was applied to the crop. Full dose of P and K and half of N was applied through di-ammonium phosphate (DAP), muriate of potash (MOP) and urea respectively as basal. Remaining half of nitrogen was top dressed at 25 days old crop. Various observations viz. plant height, days to 50% flowering, number of branches/plant, number of capitulae/plant and numbers of seeds/capitula were recorded. The crop was harvested on 17th December, 21st November & 13th December during 2008, 2009 and 2010 respectively. The seed yields were recorded after threshing of the harvested crop. The economic analyses viz. cost of production, net monetary return (NMR) and benefit-cost (B:C) ratio were made on the basis of market price.
Statistical Analysis
The data recorded on yield, growth and yield components were subjected to statistical analysis and treatment means were compared at 5 % level of probability (K. A. Gomez & A. A. Gomez, 1984) .
Results
Effect on Growth and Yield Attributes
Effect of different nutrient management on plant height, days to 50% flowering, number of branches per plant, number of capitulae per plant and seeds per capitula are presented in Table 1 . All the growth parameters achieved higher values for application of Urea or DAP along with the recommended fertilizer dose, but they were statistically non-significant. Highest plant height (191.1 cm), number of branches/plant (7.7), number of capitulae/plant (78.5) and seeds per capitula (30.6) were recorded with soil application of 100% RDF + foliar application of 2% urea at flowering & capitula formation stage (T 4 ). Whereas, lowest plant height (183.1cm) with 100% RDF + foliar application of 2% DAP at flowering stage (T 3 ), number of branches/plant (6.7) and number of capitulae/plant (67.4) with 75% RDF + foliar application of 2% Urea at flowering stage (T 6 ) and seeds per capitula (27.3) were recorded with 75% RDF + foliar application of 2% DAP at flowering stage respectively. Application of 100% RDF (T 1 ) required 61.9 days for 50% flowering, whereas, 75% RDF + foliar application of 2% DAP at flowering and capitula formation stage (T 9 ) took 63 days.
Effect on Seed Yield
The seed yields of crop are generally governed by various yield attributing characters. Consequence upon the superiority in yield attributes with the treatments receiving two foliar applications of 2% Urea at flowering and capitula formation stages in combination with 100% RDF (T 4 ) recorded highest seed yield (417.2 kg/ha) followed by the T 5 (two foliar applications of 2% DAP at flowering and capitula formation stages with 100% RDF) 387.7 kg/ha. There was 19.2% and 10.8% increase in seed yield due to foliar applications of 2% Urea and DAP twice at flowering and capitula formation stage in combination with RDF over soil application of 100% RDF (T 1 ). Lowest seed yield recorded with 75% RDF two foliar applications of 2% DAP at flowering and capitula formation stage (T 9 ). 
Discussions
Effects on Growth and Yield Attributes
Chemical fertilizer offers nutrients which are readily soluble in soil solution and thereby instantly available to plants. The increase in plant height, number of branches per plant in response to application of chemical fertilizers is probably due to enhanced availability of nutrients. The variation in plant height due to nutrient sources was considered to be due to variation in the availability of major nutrients. More number of branches and plant height might be due to the more availability of nitrogen, which plays a vital role in cell division. Several workers have reported marked superiority in growth parameters like plant height and branches/plant due to adequate nutrient supply in niger (Kachapur & Radder, 1983 b; Trivedi et al., 1988; Gautam, 2009 ).
The productivity of niger plant is greatly dependent on the number of capitulate per plant and number of seeds per capitula. In present investigation maximum number of capitulate per plant and number of seeds per capitula were observed in the all the treated plants. Similar increase in these yield attributes have also been advocated by the several researchers (Paikray et al., 1990; Gautam, 2009) .
Effect on Seed Yield
The increase in seed yield could be due to the increase in yield attributes (number of capitulate per plant and number of seeds per capitula) consequently. Niger required fully dry spell during flowering and seed setting, rainfall at flowering and seed setting period is very much detrimental for the crop yield, due to this reason yield variations were found among the experimental years. The increase in yield components can be due to the fact that available more water enhanced nutrient availability which improved nitrogen and other macro and micro elements absorption as well as enhancing the production and translocation of the dry matter content from source to sink. The superiority in seed yield due to foliar applications of fertilizers supplemented with 100% RDF mainly due to effect of additional quantity of N and P fertilizers as per needs by the crop. Several workers have emphasized for such improved nutrient use efficiency through the foliar applications of fertilizers in niger and other resembling crops under varying agro-climatic conditions (Reddy et al., 2005 , Dixit & Elamathi, 2007 Gautam, 2009; Anon., 2009 ).
Economic Analysis
The inputs and outputs prices of commodities prevailed during each year of trial were considered for calculating cost of production, net monetary return and benefit-cost ratio ( Table 2) . Applications of 2% urea at flowering and capitula formation stages in combination with 100% RDF (T 4 ) recorded highest NMR (Rs.4247.00/ha) and B:C ratio (1.51), followed by (T 5 ) applications of 2% DAP at flowering and capitulla formation stages with 100% RDF (Rs.3277.00/ha and 1.39 respectively). The cost of production (Rs.7835.00/ha) was lowest in 75% RDF + foliar www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 6; 2014 application of 2% Urea at flowering stage (T 6 ) and highest (Rs.8353/ha) with two foliar applications of DAP at flowering and capitula formation stage + 100% RDF (T 5 ). Similar finding has also been reported in niger crop under varying agro-climatic conditions (Gautam, 2009; Anon, 2009) .
Conclusion
Based on the results from the investigation it is concluded that additional two foliar applications of 2% urea at flowering and capitula formation stages in combination with recommended dose of fertilizer can give higher seed yield and monetary return.
